= 0.40 ± 0.14 ± 0.02, where the first uncertainties are statistical and the second ones are systematic. The results are in good agreement with previous measurements within uncertainties; they can be used to determine the η − η ′ mixing angle and improve upon the D + s semileptonic branching ratio precision.
By analyzing 482 pb −1 of e + e − collision data collected at √ s = 4.009 GeV with the BESIII detector at the BEPCII collider, we measure the absolute branching fractions for the semileptonic decays D = 0.40 ± 0.14 ± 0.02, where the first uncertainties are statistical and the second ones are systematic. The results are in good agreement with previous measurements within uncertainties; they can be used to determine the η − η ′ mixing angle and improve upon the D + s semileptonic branching ratio precision. [1] . The measured inclusive semileptonic decay widths of D 0 and D + mesons are proven to be consistent with each other. However, they are larger than that of D + s mesons by 20% [2] , more than 3σ of the experimental uncertainties. The updated Isgur-Scora-Grinstein-Wise form factor model (ISGW2) [3] predicts a difference between the D and D + s inclusive semileptonic rates, as the spectator quark masses m u and m s differ on the scale of the daughter quark mass m s in the Cabibbo favored semileptonic transition. Up to now, the exclusive semileptonic decays of D 0 and D + mesons have been well studied experimentally [4] . Therefore, measurements of the D + s exclusive semileptonic decay rates will provide helpful information to understand this difference. In addition, it is well known that the states η and η ′ are considered as candidates for mixing with gluonic components. The exclusive semileptonic decays D + s → ηe + ν e and D + s → η ′ e + ν e probe the ss components of η and η ′ and thus are sensitive to the η − η ′ mixing angle [5] . Therefore, measurements of these decay rates can constrain the physics related to the mixing with the gluonic components [6] .
The CLEO Collaboration measured the ratio between the branching fractions for D = 0.35 ± 0.09 ± 0.07, by analyzing a data sample of 3.11 fb −1 taken at the centerof-mass energy √ s at Υ (4S) in 1995 [7] , and the two individual branching fractions to be B(D BESIII is a cylindrical spectrometer that is composed of a Helium-gas based main drift chamber (MDC), a plastic scintillator time-of-flight (TOF) system, a CsI (Tl) electromagnetic calorimeter (EMC), a superconducting solenoid providing a 1.0 T magnetic field and a muon counter in the iron flux return yoke of the magnet. The charged particle momentum resolution is 0.5% at a transverse momentum of 1 GeV/c, and the photon energy resolution is 2.5% at an energy of 1 GeV. Particle identification (PID) system combines the ionization energy loss (dE/dx) in MDC, the TOF and EMC information to identify particle types. More details about BESIII are described in Ref. [11] .
A GEANT4-based [12] Monte Carlo (MC) simulation software, which includes the geometric description of the BESIII detector and its response, is used to determine the detection effciency and estimate background contributions. The simulation is implemented with KKMC [13] , EVTGEN [14, 15] and PHOTOS [16] and includes the effects of Initial State Radiation (ISR) and Final State Radiation (FSR). A generic MC sample (called 'inclusive MC sample' hereafter) corresponding to an equivalent integrated luminosity of 11 fb −1 includes open charm production, ISR production of low-mass vector charmonium states, continuum light quark production, ψ(4040) decays and QED events. The known decay modes of the charmonium states are produced by EVTGEN with the branching fractions being set to world average values [4] , and the remaining, unknown, ones are simulated by LUNDCHARM [17] . The semileptonic decays are generated with the ISGW2 form factor model [3] . 
. Throughout the paper, charge conjugation is implied, and the ST modes are selected separately according to their charge.
We require that all the charged tracks are well reconstructed in the MDC with good helix fits, and their polar angles in the MDC must satisfy | cos θ| < 0.93. For each charged track, save those from K 0 S decays, the point of closest approach to the e + e − interaction point (IP) must be within ±10 cm along the beam direction and within 1 cm in the plane perpendicular to the beam direction. For charged particle identification, the combined confidence levels for the pion and kaon hypotheses, CL π and CL K , are calculated using the dE/dx and TOF information. A charged track satisfying CL π > 0 and CL π > CL K (CL K > 0 and CL K > CL π ) is identified as a pion (kaon).
The K 0 S candidates are reconstructed from pairs of oppositely charged tracks. For these two tracks, the point of the closest approach to the IP must be within ±20 cm along the beam direction. The two oppositely charged tracks are assigned as π + π − without PID. The π + π − invariant mass is required to satisfy 0.487
2 . The two tracks are constrained to originate from a common decay vertex, which is required to have a positive separation from the IP with respect to the K 0 S flight direction. Photon candidates are reconstructed from clusters in the EMC. The energy deposited in nearby TOF counters is included to improve the reconstruction efficiency and energy resolution. Showers must have minimum energy of 25 MeV in the barrel region (| cos θ| < 0.80) or 50 MeV in the end cap region (0.86 < | cos θ| < 0.92). To suppress electronic noise and clusters unrelated to the event, the EMC cluster time is required to be within [0, 700] ns after the event start time. The angle between the photon candidates and the closest charged track is required to be greater than 10
• to suppress split-off showers or bremsstrahlung generated by charged particles.
The π 0 and η candidates are reconstructed from photon pairs. We require that the γγ invariant mass satisfies 0.115 < M (γγ) < 0.150 GeV/c 2 for π 0 candidates, and 0.510 < M (γγ) < 0.570 GeV/c 2 for η candidates. To improve the mass resolution, a mass-constrained fit to the nominal mass of π 0 or η [4] is applied to the photon pairs.
For φ and ρ − candidates, the invariant mass is required to satisfy 1.005
2 , we additionally require 0.570
2 for η ′ γρ 0 candidates to reduce contributions from combinatorial background.
The ST D − s meson is identified using the energy difference ∆E ≡ E ST − E beam and the beam energy constrained mass
− → p i | are the total energy and momentum of all the final state particles of the ST system, and E beam is the beam energy. In order to improve the ratio of signal to background, the ∆E is required to fall in a (−3σ, 3σ) window around the peak of the ∆E distribution, where σ is the standard deviation of the ∆E distribution. For each ST mode, if more than one combination satisfies the criteria in an event, only the combination with the minimum |∆E| is retained.
To determine the number of ST D − s mesons, we perform a fit to the M BC spectra of the accepted combinations. In the fits, we use the MC simulated signal shape convoluted with a Gaussian function to represent the signal shape and an ARGUS function [18] to describe the background, which is expected to be a smooth distribution in M BC . The fits to the M BC spectra are shown in Fig. 1 . The events in the M BC signal region, which is defined to be within a (−4σ, 5σ) window around the peak of the M BC distribution, are kept for further analysis. The numbers of the ST D 
+ ν e with the missing energy and momentum in the event. To do so, we define a kinematic variable U miss ≡ E miss − | − → p miss |, where the missing energy E miss and the missing momentum − → p miss are calculated by the formulas E miss = E cms − j E j and − → p miss = − j − → p j , in which j runs over all the particles used to reconstruct the ST and DT candidates, E j and − → p j are the energy and momentum of the jth particle in the final state, and E cms is the center-of-mass energy. Since only one neutrino is missing and the neutrino mass is very close to zero, the U miss distribution for signal events of D + s → η(η ′ )e + ν e is expected to peak near zero. 
C. Net number of signals
The numbers of observed candidate events and background events are summarized in Table II 
In each plot, the dots with error bars are from data, the red solid curve represents the total fit to the data, the blue dashed curve describes the ARGUS background, and the green dotted curve denotes the signal shape. 
where N D 
where 
where ǫ D 
The pair of arrows indicates the signal region, points with error bars show the events from data, the solid histograms show the scaled events from inclusive MC, the hatched and dashed histograms show the peaking background ('Peak Bkg') and sideband backgrounds ('Side Bkg'), respectively. 
. The uncertainties are from MC statistics only. 
VI. SYSTEMATIC UNCERTAINTY
In the measurement of the branching fractions for D + s → η(η ′ )e + ν e , many uncertainties on the ST side mostly cancel in the efficiency ratios in Eq. (3). Table IV summarizes the systematic uncertainties, which are discussed in detail below.
The uncertainty in the number of the ST D − s mesons is estimated to be about 1.8% by comparing the difference between the fitted and the counted events in the M BC signal region.
The uncertainties in the tracking and PID for pion are both 1.0% per track [19] . To investigate the uncertainty in the electron selection, we use Bhabha scattering events as the control sample. The efficiencies of the tracking and PID for electron are weighted by the polar angle and momentum of the semileptonic decay. The difference of efficiencies between data and MC is assigned as the uncertainty in the tracking and PID for electron, which is 1.2% (1.1%) for D
To estimate the uncertainty in the η or η ′ reconstruction, including the uncertainty of photon detection efficiency, we analyze a control sample of ψ(3770) → D 0D0 , where oneD 0 meson is tagged byD
The differences in the η or η ′ reconstruction efficiencies between data and MC are estimated to be 2.3%, 2.5% and 2.8%, which are assigned as the uncertainties in the η or η ′ reconstruction for D The uncertainty due to the extra charged track and π 0 vetoes is estimated by analyzing the fully reconstructed DT events of ψ(3770) → D + D − , where D − mesons are tagged by nine hadronic decay modes:
The data-MC difference in the reconstruction efficiencies with and without extra charged track and π 0 veto is assigned as the corresponding systematic uncertainty, which is estimated to be 0.4% (1.
The uncertainty in the background estimate is determined by the uncertianties of branching fractions [4] for the processes D
+ ν e , which are found to be the main background contributions for D
+ ν e from analyzing the MC sample. The systematic uncertainties are estimated to be 0.5%, 0.7% and 0.8%, respectively.
The uncertainty in the weighted efficiency estimate is mainly determined by the weighting factors. Considering the statistical uncertainties of the weighting factors in Table I , we propagate them to the uncertainty of the weighted efficiency during the calculation. This uncertainty is estimated to be 0.1% (0.2%) for D
The uncertainty in the form factor model of D + s is determined by comparing the detection efficiency to that with a simple pole model (POLE, [21] [4] . Their uncertainties are 0.5%, 1.6% and 1.7%, respectively.
To estimate the uncertainty in the U miss requirement, we examine the change in branching fractions when varying the U miss signal region by ±10 or ±20 MeV. The maximum changes of the branching fractions are assigned as the uncertainties; they are found to be 0.3%, 0.6% and 0.3% for D [7] [8] [9] and the average values from PDG [4] . The branching fractions measured in this work are in good agreement with the previous measurements within uncertainties. The ISGW2 model involves an η − η ′ mixing angle close to −10 • , which is the minimum value obtained from mass formulas [4] if a quadratic approximation is used. According to Refs. [5, 6] , the measured ratio is consistent with a pseudoscalar mixing angle of about −18
• . Finally, the results improve upon the D [7] [8] [9] and the PDG values [4] .
BESIII
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